Refractive index effects using nanoscale systems are frequently applied in new imaging, sensing and even visibility cloaking technology. In this issue, researchers in Japan use simulations and experiments to describe the confinement of optical vortices in nanoscale fin structures and the sensitivity of these systems to the refractive index of the surrounding media [1] . The effects of refraction as light rays pass between different media were recorded as long ago as the first century AD, by Ptolemy [2] . Over the following centuries the phenomena inspired Ibn Sahl in 984 [3] , Thomas Harriot in 1602 [4] , Willebrord Snellius in 1621 [5] and Rene Descartes in 1637 [6] to independently derive the more accurate and elegant equation for refraction so familiar to us today. Recent studies of the interactions between light and matter continue to reveal a wealth of phenomena that originate in the effects of the refractive indices of materials. Nanostructures can be used to manipulate conditions that affect the refractive indices of materials, such as temperature. A E Aliev et al at the University of Texas reported a striking demonstration of temperature-dependent refractive index effects using a free-standing, highly aligned carbon nanotube aerogel sheet [7] . They used the extremely low thermal capacitance and high heat transfer ability of transparent carbon nanotube sheets to enable high-frequency modulation of the sheet temperature over an enormous temperature range. The resulting sharp, rapidly changing gradient of the refractive index in the surrounding liquid or gas makes objects seem to disappear and can be used for visibility cloaking.
Light-matter interaction resonances, where light is confined at the nanoscale, can be extremely sensitive to changes in the refractive index of the surrounding media [8] , even allowing single-molecule detection [9] . Plasmons, the collective oscillations of electrons in response to incident light, are a typical example. Researchers at Rice University, Texas monitored the shift in the surface plasmon resonance of nanoscale gold pyramid structures at antibody-antigen unbinding events. In their demonstration they identified the effective refractive index of a single protein to be approximately 1.54. C G Biris and N C Panoiu at University College London used nonlinear effects in plasmonic metal nanowire structures to generate non-radiative dark-cavity plasmonic modes for sensing applications [10] . The plasmonic cavity modes of the nanowire structures do not couple to the radiation continuum so that radiative losses are suppressed, resulting in a Q-factor an order of magnitude larger than for the plasmonic modes of metallic nanoparticles. The resonances are highly sensitive to the refractive index of the surrounding medium and can detect changes of 10 −5 refractive index units for a detector resolution of 0.01 nm.
Optical vortices are also a form of light confinement. They have ring-shaped intensity distributions, an optical torque and their potential use in applications requiring nanoscale light confinement has been well demonstrated [11] . In this issue J-J Delaunay and his colleagues identify dips in the reflectivity spectra from nanoscale fin structures caused by optical vortices [1] . The dips may shift in response to changes in the refractive index of the surrounding medium, lending themselves to sensing applications. While other refractive index sensing approaches exist, the use of optical vortices in nanoscale fins boasts a number of additional attractive features including the potential for large-scale fabrication, ease of integration in microfluidic systems and possible trapping applications. And that is not to mention the fascinating physics of the optical vortices that the effects hinge on.
In science and technology research, it is often the case that alternative approaches already exist but lack some or many attractive attributes. Johannes Kepler, who discovered the elliptical paths of the planets and came so close to uncovering the law of refraction [12] , once termed his professional efforts 'the restless search for and interpretation of causes, the spiritual anguish for grace' [13] . The outcry will resonate with anyone who has applied themselves in the endeavours of scientific research or indeed any other discipline as a scholar, athlete, artist or otherwise. But while there may be frustrations along the way, the achievements in the end make the effort worthwhile. The work in this issue is just one example of what the 'restless search' in scientific research can achieve in sensing technology using nanoscale systems.
